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$(I)(=A+B)$ , $(II)(=B+C+D)$ ( ), (C)
, $(III)(=D+E)$ .
.
$th$ , , ,
, , “ ”
, ‘ ( ) “ .
, ,
, . ,
, $B$ $D$ $Aarrow Carrow E$ .




(A) $\varphi\in \mathfrak{S}$ ( $C^{\cdot}$ $A$ )
(B) $\alpha:Aarrow A$
(C) $\Gamma:\mathfrak{S}arrow\overline{\mathfrak{S}}$ . , $(\overline{A},\overline{\mathfrak{S}})$ .
(D) $\overline{\alpha}:\overline{A}arrow\overline{A}$
(E) . . . $\overline{\varphi}=\Gamma\varphi$
, , 3 $(A,$ $\mathfrak{S}(A),$ $\alpha(G))$ .
$A$ : ( )
6$($ $)$ : , ( ) ( )
$\alpha(G)$ : $\mathfrak{S}$ $($ $)$ $g\in G$
,
:Hilbert $A$
6 $($ $)$ :Hilbert $\mathcal{H}$ $\rho$
$\alpha(G)$ :Hamiltonian $H$ $–$ $U_{l}=\exp(ltH)$
$A_{t}=U_{t}AU_{-t}$ , $\rho_{t}=U_{-t}\rho U_{l}$
, 3 $($ , $\mathfrak{S}$ $($ $)$ , $\alpha(G))$ .. ,
$\uparrow$
$($ , $\mathfrak{S}$ $($ $)$ , $\alpha(G))$ . $\Leftrightarrow$ . $\ovalbox{\tt\small REJECT}$
.
, $(A,$ $\mathfrak{S},$ $\alpha(G))$ $(\overline{A}.\overline{\mathfrak{S}},\overline{\alpha}(\overline{G}))$ ,
$\Lambda^{*}$ : $\mathfrak{S}arrow\overline{\mathfrak{S}}$ . , 1 (II)
,
. , 3 $(\mathcal{B},$ $\mathfrak{S}’.\beta(G’))$ $(\overline{\mathcal{B}}.\overline{\mathfrak{S}’},\overline{\beta}(\overline{G’}))$
, .




21:(1) $\Lambda^{*}$ (i.e., $\varphi,\psi\in \mathfrak{S}$ $\lambda\in[0,1]$ ,
$\Lambda^{*}(\lambda\varphi+(1-\lambda)\psi)=\lambda\Lambda^{*}\varphi+(1-\lambda)\Lambda^{l}\psi\in \mathfrak{S})$ , $\Lambda^{*}$
.
(2) $\Lambda;\overline{\text{ }}arrow$ , $n$ ,
$\sum_{1.j=1}^{n}B_{j}^{*}\Lambda(A_{i}^{*}A_{j})B_{j}\geq 0$ $\forall B_{i}\in$ , $\forall 4\in\overline{\text{ }}$
, $\Lambda^{*}$ . , $\Lambda$ $\Lambda^{*}$
. $(i.e., \Lambda\varphi(A)=\varphi(\Lambda A), \varphi\in \mathfrak{S}, A\in A)$
, , [A2]
.
22: $\mathcal{E}^{*}:(5($ 4$)arrow$ 6 $($ $\otimes$ $)$ .
, 2 $\Lambda_{I}^{*}!:\Lambda_{2}^{*}$
.
$\Lambda_{1}^{*}:\mathfrak{S}($ $)arrow \mathfrak{S}(\overline{\text{ }})$ , $\Lambda_{1}^{*}\varphi(\overline{A})\equiv(\mathcal{E}^{*}\varphi)(I\otimes\overline{A})$ $\forall\overline{A}\in\overline{\text{ }}$
$\Lambda_{2}^{5}$ :6 $($ $)arrow$ 6 $($ $)$ , $\Lambda_{2}^{*}\varphi(A)\equiv(\mathcal{E}^{*}\varphi)(A\otimes I)$ $\forall A\in$
, $\otimes$ $\mathcal{E}^{*}\varphi$ 1
,
.












, 4 , .
:
2 $\Sigma_{1}$ $\Sigma_{2}$ , $\Sigma_{1}$ $\rho$
. , $\Sigma_{1}$ $p$ $\Sigma_{2}$ $\sigma$ ,
, ( )
. , $\Sigma_{1}\otimes\Sigma_{2}$








$\ell\subset \mathfrak{S}$ , 2 .
(1) $C^{\ell}(\varphi)$ : 8
(2) $T^{p}(\varphi;\Lambda)$ : $\varphi$ $\overline{\varphi}(=\Lambda^{*}\varphi)$ , $\varphi$ $\overline{\varphi}$
[O6].
:
(1) : $\ell\subset \mathfrak{S}$ ,
$C^{s}(\varphi)\geq 0$
(2) : 6 $($ $)$ $\mathfrak{S}(\mathcal{B})$ $j$ , .
$C^{p}(\varphi)=C^{j(S)}(j(\varphi))$
$T^{\ell}(\varphi;\Lambda^{*})=T^{j(l)}(j(\varphi);\Lambda^{*})$




(4) : $0\leq T^{s}(\varphi;\Lambda^{*})\leq C^{-8}(\varphi)$







$\mathfrak{S},$ $\alpha(G);\overline{\text{ }},\overline{\mathfrak{S}},\overline{\alpha}(\overline{G});\Lambda^{*};C^{s}(\varphi),$ $T^{\ell}(\varphi;\Lambda^{*});R\}$
. , $R$ ( ) “ “ .
, ,
.
(1) $\{$ , $\mathfrak{S},$ $\alpha(G);\overline{\text{ }}$ , a $\overline{\alpha}(\overline{G})\}$ $t_{\zeta}$ ttltJ$=\hat$. .
(2) $\Lambda^{*}$ .









$E_{i}\perp E_{j}$ $(i\neq j)$
. , $\lambda_{k}$ $\rho$ , $E_{k}$ $\lambda_{k}$ 1







24[O2] : $p=$ $\lambda_{k}E_{k}$ 2 $\sigma_{0},$ $\sigma_{E}$ ,
$I(\rho;\Lambda^{*})$
$I( \rho;\Lambda^{*})=\sup_{E}\{S(\sigma_{E}|\sigma_{0})|E=\{E_{k}\}\}$





26[O2] : $\rho$ $\Lambda^{*}$ , .
$0 \leq I(\rho;\Lambda^{*})\leq\min\{S(\rho),$ $S(\Lambda^{*}\rho)\}$
, (4) . , $\Lambda^{*}$
.
,





3.1 : , $a$ , $\mathcal{H}$ .




$\mathcal{B}=\mathcal{B}_{0}=\mathcal{B}_{1}$ , $\mathcal{E}$ $\mathcal{B}$ transition expectation .
transidon expectation , .
3.2 $[Al, A3, A4]$ : $\{\mathcal{E}_{n}\}_{n\geq 0}$ $\mathcal{B}$ rransition expectation .
, , $E_{0J};\otimes_{N}\mathcal{B}arrow \mathcal{B}$
. $n$ , $A_{1},\cdots,A_{n}\in \mathcal{B}$ ,
$E_{0l}(A_{0}\otimes A_{1}\otimes\cdots\otimes A_{n}\otimes 1\otimes\cdots)=\mathcal{E}_{0}($ $\otimes$ $(A_{1}\otimes\cdots\otimes \mathcal{E}_{n}(A_{n}\otimes 1)\cdots))$ (3.2)
, $\varphi_{0}$ $\mathcal{B}$ , $\otimes_{N}3$ $\varphi$ .
$\varphi=\varphi_{0}\circ E_{0l}$ (3.3)
, .
$\varphi(\text{ _{}0}\otimes A_{1}\otimes\cdots\otimes A_{n}\otimes 1\otimes\cdots)=\varphi_{0}(\mathcal{E}_{0}(A_{0}\otimes \mathcal{E}_{1}(A_{1}\otimes\cdots\otimes \mathcal{E}_{n}(A_{n}\otimes 1)\cdots)))$ (3.4)
(3.3) $(\varphi_{0},$ $\{\mathcal{E}_{n}\})$
. , $n$ ,
$\mathcal{E}\equiv \mathcal{E}_{n}=\mathcal{E}_{0}$ (3.5)
, $\varphi$ (homogeneous) .
22 3.1 , rransition
expectation . ,
[A2]. , convex product type
, ,
.
33: $\mathcal{E}^{\cdot}$ :6 $($A$)arrow \mathfrak{S}$ $($ $\otimes\overline{\text{ }})$ convex product type
, $\rho\in \mathfrak{S}$( ) $\mathcal{E}^{*}$ , $\otimes\overline{\text{ }}$ product state
.
146




, $p\in \mathfrak{S}$ ,
$\rho=\sum_{k_{1}}\lambda_{k_{1}}^{(1)}\rho_{k_{1}}$
, (3.7)
(3.6) , $\mathcal{E}^{*}p$ .
$\mathcal{E}^{*}p=\sum_{k_{1}}\lambda_{k_{1}}^{(1)}\rho_{k_{1}}\otimes\Lambda^{*}\rho_{k_{1}}$
(3.8)









$\lambda_{k_{2}}^{(1,2)}p$ . $n$ ,
$R^{\hat{B_{\backslash }}b}\backslash bJ\cdot\backslash \mathcal{E}_{n]}^{*}\rho\in(\otimes \mathfrak{S})^{n+1}$ .
$\mathcal{E}_{n]}^{*}p=\sum,\lambda_{k_{1}}^{(1)}\lambda_{k_{2}}^{(1,2)}\cdots\lambda_{k_{n}}^{(n-1,n)}\rho_{k_{1}}k_{1},\cdots k_{n}\otimes p_{k_{2}}\otimes\cdot\cdot.\cdot\otimes p_{k_{n-1}}\otimes\Lambda^{*}\rho_{k_{n}}$
. (310)
,
$\Lambda^{*}p_{k_{i}}=\sum_{k_{i+1}}\lambda_{k_{i+1}}^{(i.i+1)}\rho_{k_{i+1}}$ $(i=1, \cdots,n-1)$ (3.11)
(3.6) ,




(3.10) , $n$ $\Lambda^{*}\rho\in \mathfrak{S}n$ , $\otimes^{n}\mathcal{H}_{0}$
147
.$\Lambda^{*\hslash}p=rr_{11.nJ}\mathcal{E}_{nJ}^{*}\rho$ . (3.12)




, , [O9] ,
, [010] .
4.








$\Sigma_{1}$ ( , reservoir . ) $\mathcal{H}$ . $\Sigma_{0},$ $\Sigma_{1}$
$\rho\in 6,$ $\omega\in 6$ ( $\mathfrak{S}_{i}$ , $(i=0,1)$ ) .
, 2 $\Sigma_{0}$ $\Sigma_{1}$ $\overline{\rho}\in \mathfrak{S})^{\otimes 6}$
.
$\overline{\rho}=U^{*}(p\otimes\omega)U$ (4.1)
, $U=\exp(-ltH)$ , $H$ $\mathcal{H})^{\otimes \mathcal{H}}$ – .
, two weakly coupled oscillars




, $H_{01}=\gamma_{2}$ $(\epsilon_{j}b_{j}a^{*}+\epsilon_{j}^{*}b_{j}^{*}a)$ $($4.3 $)$
, $H_{0},$ $H_{1},$ $H_{01}$ , , reservoir,
. , $a,a$ $\mathcal{H}_{0}$ , $\text{ _{}j},b$; $\mathcal{H}_{1}$ ,
, $\epsilon_{j}(j\in N)$ , .
148
, , reservoir , $\hslash=1$ ,
$–$ $H$ , .
$H=H_{0}+H_{1}+H_{01}=a^{*}a+b^{*}b+\epsilon(a^{*}b+ab^{*})$ (4.4)
, $\rho\in$ e .
$\Lambda^{\cdot}p=tr_{7t_{1}}U_{t}(\rho\otimes\omega)U$; (4.5)
, $U_{t}=\exp(-itH)$ , $tr_{?\{t}$ , $\mathcal{H}$ .
, (4.5) , ,





$\Lambda(A)=\sum_{i--1}^{n}V_{i}^{*}AV_{i}$ $A\in \mathcal{B}(\mathcal{H})$ (4.6)
, $V_{i}$ : $\mathcal{H}arrow$ , , n $\leq$ dim $($ $)$ .
, (4.5) Stinespring-Kraus
. , [A5] .
, (4.4) ,
$[H_{0}+.H_{1},$ $H_{01}]=0$ (4.7)
. $H_{0}+H_{1}$ , ,
$n\in N$ $H_{0}+H_{1}$ , $\{|j\otimes n-j\};j=0,\cdots,n\}$
74 $\mathcal{H}$ , $H_{01}K_{n}\subseteq K_{n}$ . , $H$
$H_{01}^{(n)}\equiv H_{01}\}K_{n}$ (4.8)
, $H$ $C^{n+1}arrow C^{n+1}$ , $(n+1)$




. , $\psi_{j}^{(n)}$ , $\psi_{j}^{(n)}\in K_{\hslash}$
$\psi_{j}^{(n)}=$ $C_{\alpha}^{(n,j)}|\alpha\otimes n-\alpha\rangle\in K_{n}$ . (410)
$\alpha=0$
, $C_{\alpha}^{(n.j)}$ , CONS $\{\psi_{j}^{(n)}\}$ . (4.9) ,
$H_{01}^{(n)}= \sum_{j=0}^{n}\lambda_{j}^{(n)}|\psi_{j}^{(n)}\}(\psi_{j}^{(n)}|$ (4.11)
$H_{01}= \sum_{n=0}^{\infty}H_{01}^{(n)}=\sum_{n=0j}^{\infty}\sum_{=0}^{n}\lambda_{j}^{(n)}|\psi_{j}^{(n)}\}\{\psi_{j}^{(n)}|$ (412)

















, $\#\varphi_{n-\nu}^{(n)});n\geq v,nv\in N\}$ , .
42
$\{\varphi_{n-v}^{(n)}|\varphi_{n’-y^{l}}^{(n’)}\}=\delta_{n,n’}\delta_{v,v’}$ (419)











$\Lambda^{*}p=\sum_{i}[\sum_{l.\nu}\lambda_{l}^{\rho}\mu_{(\nu-l)+i}^{\omega}|d_{i.l}^{(\nu+i)}|^{2}]|i\}\langle i|$ . (4.22)















$T$ $($ temperrure of Gibbs staie$)$
151
$n$
$\omega$ : vacuum state
$n$
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